ABSTRACT Background. Standardization of surgical and pathologic techniques is crucial to the interpretation of studies evaluating adjuvant therapies for pancreatic cancer (PC). Methods. To assess the degree to which treatment administered prior to enrollment of patients in trials of adjuvant therapy is quality controlled, the operative and pathology reports of patients in American College of Surgeons Oncology Group (ACOSOG) Z5031-a national trial of chemoradiation following pancreaticoduodenectomy (PD)-were rigorously evaluated. We analyzed variables with the potential to influence staging or outcome. Results. 80 patients reported to have undergone R0 (75%) or R1 (25%) pylorus-preserving (38%) or standard (62%) PD were evaluated. A search for metastases was documented in 96% of cases. The proximity of the tumor to the superior mesenteric vein was reported in 69%; vein resection was required in 9% and lateral venorrhaphy in 14%. The method of dissection along the superior mesenteric artery (SMA) was described in 68%, being ultrasonic dissection (17%), stapler (24%), and clamp and cut (59%). SMA skeletonization was described in 25%, and absence of disease following resection was documented in 24%. The surgeon reported marking the critical SMA margin in 25%; inking was documented in 65% of cases and evaluation of the SMA margin was reported in 47%. A range of 1-49 lymph nodes was evaluated. Only 34% of pathology reports met College of American Pathologists criteria. Conclusions. Trials of adjuvant therapy following PD suffer from a lack of standardization and quality control prior to patient enrollment. These data suggest areas for improvement in the design of multidisciplinary treatment protocols.
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Pancreaticoduodenectomy (PD) remains the cornerstone of therapy for localized cancers of the pancreatic head and uncinate process. [1] [2] [3] Postoperative systemic chemotherapy and/or chemoradiation increases the overall survival rate among patients who undergo microscopically (R0) or macroscopically (R1) complete PD. [4] [5] [6] [7] [8] Fundamental components of a multidisciplinary approach to resectable PC therefore include accurate preoperative disease staging, a meticulous surgical technique with attention to oncologically relevant soft tissue margins, and precise pathologic analysis of the PD specimen prior to the administration of adjuvant therapy.
In recognition of the potential influence of surgical technique on oncologic outcome and in an attempt to minimize variation in surgical practice, consensus guidelines for the perioperative management of patients with colorectal cancer have been established. 9 Although recently published guidelines attempt to standardize the perioperative management of pancreatic cancer, these guidelines are broad and do not detail several critical technical aspects of PD. 10 Moreover, although the College of American Pathologists (CAP) and the American Joint Committee on Cancer (AJCC) both have standard protocols in place to direct histopathologic analysis of PD specimens, these guidelines likewise lack detail, and the degree to which they are observed varies. [11] [12] [13] Inconsistency therefore exists in surgical approaches to PD and in pathologic methods used to evaluate surgical specimens. These inconsistencies may adversely influence the accuracy of assessments of patients' eligibility for clinical trials of adjuvant therapies, the interpretation of the results of such trials, and ultimately oncologic outcomes.
The two goals of this study are: (1) to identify and evaluate sources of variability in surgical technique and methods of pathologic review among patients with resectable PC prior to enrollment in multi-institutional clinical trials of postoperative adjuvant therapy, and (2) to examine the completeness of documentation of these variables in the operative and pathology reports generated for these patients. To these ends, we critically examined preenrollment clinical data of patients treated in the American College of Surgeons Oncology Group (ACOSOG) Z5031 trial.
PATIENTS AND METHODS

Patients and Treatments
Between November 2003 and December 2005, 80 evaluable patients were enrolled in ACOSOG Z5031. The trial was approved by the institutional review board of each participating institution, and all participants provided written informed consent.
Eligibility requirements have been previously described in detail.
14 All patients had Eastern Cooperative Oncology Group performance status of 0 or 1 and histologically proven adenocarcinoma of the head or uncinate process of the pancreas following potentially curative PD. Central review of preoperative staging studies was not required. Since surgery was not part of the protocol, the method and technical aspects of PD were not standardized. All cancers were pathologically staged as T1-3, N0-1, M0. 11 The methods of evaluating the surgical specimen were not dictated by the protocol.
Following a baseline radiographic evaluation, patients began therapy with external-beam radiation, 5-fluorouracil, cisplatin, and subcutaneous interferon-a followed by systemic 5-fluorouracil. Follow-up was scheduled to be performed until each patient's death.
Study Design
A panel of four pancreatic surgeons and a statistician compiled a list of factors associated with surgical management and histopathologic evaluation of the surgical specimen thought to vary in clinical practice and to potentially influence oncologic outcome, as determined by literature review and expert experience ( Table 1 ). The operative and pathology reports of each patient were then meticulously scrutinized by two surgeons independently to evaluate the technical aspects of the surgical procedure and pathologic assessment performed prior to protocol enrollment. Documentation of these factors was also critically evaluated. Results for each reviewer were collected and compared. In the event of discordance between reviewers for a given factor, that factor was re-evaluated by the group and consensus obtained.
Operative Characteristics and Reporting
The analysis of the operative report focused on the surgeon's assessment and documentation of clinical stage and the techniques used to dissect relevant surgical margins during the critical steps of PD. The surgeon's documentation of the disease burden prior to, during, and following resection was carefully evaluated. The anatomic relationship of the primary tumor to the superior mesenteric vein (SMV) was determined from the surgeon's documentation of either this relationship or the noted difficulty with which the SMV was dissected from the primary tumor.
The superior mesenteric artery (SMA) was considered to have been skeletonized if the surgeon clearly described dissection along the lateral aspect of the SMA and visualization of the artery's adventitia. Such a description was perceived to indicate removal of the uncinate process and all associated soft tissue between the uncinate process and SMA. If the uncinate process was released from its retroperitoneal attachments without documented visualization of the SMA or if a stapler was used for this dissection, the SMA was considered incompletely skeletonized.
Pathologic Characteristics and Reporting
The review of the pathology report focused on the evaluation of surgical margins (on frozen and permanent sections) and lymph nodes, as well as the adequacy of reporting as standardized by the CAP. 12 The CAP guidelines, recently updated in October 2009, define the elements regarded as essential components of the surgical pathology report for PC. These components include a description of the gross size and anatomic location of the primary tumor and a determination of tumor type and grade. Use of the tumor-node-metastasis (TNM) staging system described by the AJCC (seventh edition) is advocated. 13 Both the CAP and the AJCC encourage the inclusion of a description of the microscopic status of the soft tissue margin along the right lateral border of the SMA (referred to in the 6th AJCC edition and CAP as the ''retroperitoneal margin'' and ''uncinate process margin,'' respectively, but now referred to as the ''SMA margin'' in the 7th AJCC edition), the pancreatic neck margin, and the common bile duct margin in all PD pathology reports. 11, 13, 15 The CAP guidelines also advocate reporting the status of the posterior retroperitoneal (radial) margin, representing the posterior surface of the pancreas, and the AJCC recommends the inclusion of a description of the proximal and distal enteric margins. In this study, we focused on the SMA, pancreatic neck, and common bile duct margins, because the posterior surface of the pancreas is not generally considered a surgical transection margin and the enteric margins are rarely involved by cancer.
Although both the CAP and AJCC guidelines recommend a specific handling procedure for each margin (i.e., the examination of perpendicular cuts through the SMA margin, and en face sectioning of the pancreatic neck and common bile duct margins), the specific protocol utilized in each case was not always clear, despite a thorough review of the pathology report. Documentation of simple examination of each margin was therefore considered sufficient for the purpose of this analysis.
RESULTS
Eighty evaluable patients were enrolled in ACOSOG Z5031 by 15 institutions (median 3 patients/institution; range 2-13). All patients were reported to have undergone potentially curative, grossly complete (R0, 60 patients, 75%; or R1, 20 patients, 25%) PD. A pylorus-preserving procedure was performed in 30 cases (38%). Following resection, tumors were pathologically staged as IA (4 cases, 5%), IB (2 cases, 3%), IIA (16 cases, 20%) or IIB (58 cases, 73%).
The operative report was dictated by the attending surgeon in 64 cases (80%). The presence or absence of a visible mass in the pancreatic head as demonstrated on pretreatment imaging studies was documented in 61 operative reports (76%). However, an explicit assessment of clinical stage that included documentation of both the relationship of the primary tumor to the mesenteric vessels and the absence of metastatic disease was identified in only ten (13%). Estimated operative blood loss was reported in 49 cases (61%); the need (or lack of need) for blood transfusion was documented in 14 (18%).
An intraoperative search for extrapancreatic disease was reported in 77 cases (96%), but a specific description of the liver and peritoneum was provided in only 64 (80%) and 54 (68%), respectively. The proximity of the primary tumor to the SMV was explicitly documented in only 55 operative reports (69%), but careful review of each report enabled an assessment of this tumor-vessel relationship in all cases. The primary tumor clearly did not abut or involve the SMV in 44 cases (55%). In 18 patients (23%), the primary tumor appeared to the surgeon to involve the lateral wall of the SMV: 7 of these patients underwent segmental resection of the SMV; the remainder underwent resection and repair of a segment of the lateral vein wall. The primary tumor of another 18 patients (23%) approximated the SMV but was dissected away from the vein with documented difficulty.
Of 54 cases (68%) in which the surgical technique used to dissect the uncinate process of the pancreas from the retroperitoneum was well-documented, a clamp and cut technique was used in 32 (59%), an ultrasonic dissector was used in 9 (17%), and a vascular stapler was used in 13 (24%). Skeletonization of the SMA was clearly documented in the operative reports of only 20 patients (25%), while review of the operative note revealed a lack of documented attention to the SMA in 47 (59%). In 11 cases (15%), whether or not the SMA had been completely skeletonized could not be determined, and this portion of the operative note was missing in 1. A statement documenting the absence of residual disease after removal of the PD specimen was made in only 19 reports (24%).
The pancreatic neck margin was designated by the surgeon (marked or sent as a separate specimen) in 60 cases (75%). Frozen-section analysis of this margin was performed in 64 cases (80%). The common bile duct margin was identified by the surgeon in 47 cases (59%) and analyzed with a frozen section in 51 (64%). The SMA margin was marked for the pathologist in 20 cases (25%) and analyzed with frozen sections in 10 (13%). Communication between the surgeon and pathologist regarding specimen orientation was documented in only 12 cases (15%).
Of 79 complete surgical pathology reports available for review, 74 (94%) documented the maximum tumor diameter. Tumor subtype and grade were reported for all patients. Inking of the specimen was documented in 52 cases (66%).
The frequencies of microscopic assessment of the SMA, pancreatic neck, and common bile duct margins are summarized in Table 2 , along with the results of those assessments. Of significant concern, clear evidence that the critical SMA margin had been evaluated was identified in only 37 reports (47%). Furthermore, for only 36 specimens (46%) was microscopic examination of all three margins performed as mandated by the AJCC.
11,13
Examination of regional lymph nodes was described in all patients; a median of 12 (range 1-49) lymph nodes were examined per specimen, and 58 specimens (73%) were identified as containing positive lymph nodes. The AJCC TNM stage was reported in 39 cases (49%). Among 79 complete pathology reports examined, only 27 (34%) met basic criteria described in the CAP guidelines. 12 
DISCUSSION
Administration of postoperative therapy is essential to providing optimal outcomes for PC patients who undergo R0 or R1 PD. Of equal importance, however, are the components of care delivered prior to adjuvant therapy. Precise clinical staging, appropriate patient selection for surgery, meticulous surgical dissection, and accurate pathologic examination of the surgical specimen all enable assessment of and, perhaps more importantly, modulate the risk for disease recurrence following therapy. Unfortunately, these components of care are typically performed prior to protocol enrollment and are therefore rarely subject to the same degree of scrutiny and standardization as the adjuvant treatments that follow. Thus, paradoxically, the primary component of multimodality therapy protocols-indeed, the only component proven to be potentially curative-is not quality controlled in any way. In this study, we confirmed an absence of standardization and quality control of these factors by rigorous review of the primary data sources of patients enrolled in a national trial of adjuvant therapy.
Variation in surgical quality has been demonstrated to influence rates of locoregional recurrence and long-term Evaluated, n (%) 37 (47) 74 (94) 79 (100) 36 (46) Positive, n (%) 14 (38) 2 (3) 12 (15) 16 (44) Negative, n (%) 23 (62) 72 (97) 67 (85) 20 (56) SMA superior mesenteric artery margin, CBD common bile duct margin, Panc pancreatic neck margin, AJCC American Joint Committee on Cancer
One pathology report was incomplete at the time of review a Cases in which all three margins recommended by the AJCC (sixth edition)-SMA, CBD, and Panc-were evaluated 11 b Positive indicates at least one margin of the three AJCC margins was positive; negative indicates all three margins were negative survival among patients with colorectal cancer. [16] [17] [18] [19] Such studies often focus on case volume as a surrogate marker of quality, but this metric is itself a surrogate marker of several technical variables. 19, 20 For patients with PC, one of the most important of these is the ability of the surgeon to achieve margin-negative resection. Rates of microscopically positive margins among PD specimens range between 16% and 85%, and margin status has been identified as an independent prognostic factor for survival in most series. 1, 2, 15, [21] [22] [23] [24] As confirmed by this study, the soft tissue margin adjacent to the SMA is the most frequently positive margin after PD (Table 2) . 15 It has been suggested that microscopically incomplete resection at this margin is an exclusive reflection of aggressive tumor biology. 5, 6 However, given the fact that the medial edge of the tumor is often just millimeters away from the SMA, it stands to reason that medial retraction of the SMV and skeletonization of the lateral aspect of the SMA in thoroughly staged patients with potentially resectable disease can minimize rates of R1 resection (Fig. 1a) . 25 Despite the oncologic significance of the SMA margin and the importance of technical factors in maximizing the R0 resection rate, we found wide variability in the techniques used for SMA dissection in patients enrolled in ACOSOG Z5031. Indeed, a stapler was used to free the uncinate process from the retroperitoneum in 24% of patients in whom the technique of dissection was documented. Although efficient, use of a stapler may leave as much as 43% of the soft tissue between the uncinate process and the SMA in situ and may therefore increase the potential for R1 resection. 26, 27 Furthermore, irrespective of the technique used for SMA dissection, adequate skeletonization of the SMA was documented in only 25% of patients in this study, and the SMA margin was marked or inked by the surgeon in only 25%. Together, these findings demonstrate a lack of emphasis placed upon this crucial step of PD and illustrate one potential source of the wide variability of margin-positivity rates seen in published reports. It is also conceivable, or even likely, that suboptimal surgical technique contributed to the high local recurrence rate (46%) observed in ACOSOG Z5031. 14 Although the method with which pathologic examination of the PD specimen is performed is also critical, a universally accepted approach to the analysis of the PD specimen is lacking. 11, 12, 23, [28] [29] [30] [31] [32] As affirmed in this study, a major source of inconsistency is the assessment, description, and documentation of the oncologic status of the retroperitoneal tissues. We found documentation of the ''uncinate process margin,'' ''retroperitoneal margin,'' ''SMA margin,'' ''radial margin,'' ''deep margin,'' and ''posterior margin''-all referring to margins in the retroperitoneum. Even the AJCC and CAP guidelines appear to disagree on the designation and relative importance of tissues in this region. The AJCC places emphasis on the margin of divided tissue just lateral to the SMA (the descriptor for which has been changed to the ''SMA margin'' to differentiate it from the tissue between the posterior surface of the uncinate process and vena cava). In contrast, until October 2009 the CAP emphasized the oncologic significance of the deep radial posterior surface of the pancreatic head, and the newly updated guideliness still refer to the SMA margin tissue as the uncinate margin. 12, 13, 15 Perhaps as a result of this inconsistency and ambiguity, the status of the tissue margin adjacent to the SMA was documented in only 47% of patients enrolled in this trial. This, combined with diversity among pathologists with regard to the methods used to ink, section, and analyze the SMA and other margins, also helps to explain the disparity in published rates of R1 resection. 11, 12, 23, [30] [31] [32] Significantly, although only 25% of patients enrolled in ACOSOG Z5031 were reported to have undergone R1 resection, we found at least one positive margin in 44% of the 36 patients in whom evaluation of all three AJCCrecommended margins was documented.
The importance of accurate perioperative staging must also be emphasized as a means both to predict prognosis and to accurately exclude or enroll patients in adjuvant therapy trials. Not surprisingly, we identified wide variation in the perioperative staging methods used to evaluate patients, along with deficiency in reporting of key staging indicators (Table 3) . Although preoperative computed tomography scan was performed on all patients, the quality of these scans and the accuracy of their interpretation were not subject to central review, and a basic description of preoperative disease stage based on these scans was documented in a minority of operative reports. Furthermore, we found a description of a systematic intraoperative search for extrapancreatic disease absent in a surprising number of cases. Moreover, less than one-quarter of operative reports documented the absence of macroscopic residual disease after removal of the surgical specimen. Combined, these findings suggest further potential for clinical heterogeneity among patients enrolled in trials of postoperative therapy for PC.
Like any retrospective study, ours is not without limitations. Clearly, our appraisal of the technical aspects of the staging, surgical, and pathologic methods utilized prior to enrollment in ACOSOG Z5031 is limited by the accuracy and comprehensiveness of the operative and pathology reports generated for these patients. It is possible that the surgical and pathologic documentation may have mis-or underrepresented clinical events or processes, particularly given the deficiencies identified in these reports (Table 3) . However, all documents were authored and/or approved by the attending physician, minimizing this possibility. We further acknowledge that the retrospective evaluation of clinical events described in these reports is subject to interpretation by those gathering the data. We addressed this by requiring all data to be collected by two independent surgeons, with subsequent analysis by the complete panel of four surgeons. Indeed, a major strength of the analysis reported herein is the rigorous evaluation of primary data sources by experienced pancreatic surgeons as opposed to review of a large database by a trainee.
In summary, we found an overwhelming absence of consistency in perioperative staging, surgical treatment, and pathologic analysis for PC patients in this study. Although the independent influences of these factors and their documentation upon outcome are unknown, the overall effect could clearly result in heterogeneity among patients enrolled in clinical trials of adjuvant therapies, the potential for misinterpretation of the results of these trials, FIG. 1 a Lateral retraction of the SMV and dissection along the adventitia of the SMA may enhance the potential for margin-negative resection; this technique is considered optimal. b Stapler dissection of the SMA margin and/or failure to retract the SMV laterally prior to skeletonization of the SMA may increase the potential for microscopically incomplete resection and subsequent local recurrence and unsatisfactory outcomes. Our data suggest critical areas for improvement in the design of multidisciplinary treatment protocols for patients with resectable PC. 
